A trial to ascertain the true incidence of inadvertent phrenic nerve block with brachial plexus block via the supraclavicular approach was carried out. Phrenic nerve block was monitored by x-ray screening of the diaphragm. There was an incidence of phrenic nerve block of 67% (lO cases of diaphragmatic paralysis in 15 brachial blocks).
INTRODUCTION
Acute respiratory failure, due to phrenic nerve block must be a rare complication of brachial plexus block. It has always been considered a contra-indication to bilateral block (Moore 1975) . When a case of acute respiratory failure following supraclavicular brachial plexus block was found to be due to a unilateral phrenic nerve block (Hood and Knoblanche 1979) a search of the literature revealed that the incidence of phrenic nerve block has been estimated as high as 60% (Moore 1975) and as low as 1 % (Winnie 1964) for supraclavicular approach to the brachial plexus. In neither case is the method of detection noted. Winnie (1972) thought that the incidence might be higher than I %, but still small, if specifically looked for.
Previous reports of the incidence of phrenic nerve block have either relied upon clinical examination or plain chest x-ray. These forms of monitoring would lead to an inaccurate incidence of detection. It was, therefore, decided to look for a true incidence of phrenic nerve block by dynamically screening the diaphragm, under x-ray image intensifier, after 
METHOD
After informed consent was obtained, patients were given a supraclavicular brachial plexus block with 30 ml of 0.5% bupivacaine with 1 :200,000 adrenaline.
A 23 G. 4 cm needle was placed according to the method of Winnie (1964) and once appropriate paraes~hesia was elicited the whole dose was injected without further movement of the needle. The procedures for which the blocks were given are listed in Table 1 . Patients were only admitted into the study if the block was dense and complete and the surgery was able to be carried out unsupplemented. No patient with a history or signs of pulmonary or neurological disease was included. In all, 15 patients were studied. X-ray examination for diaphragmatic paralysis was carried out within three hours of insertion of the block. This was felt to be certainly within the duration of the block as some of the blocks lasted 12 hours and all lasted more than six hours. All patients were screened in the upright position. The diagnosis of diaphragmatic paralysis was made if the affected diaphragm did not move from the neutral position on quiet respiration and clearly demonstrated paradoxical movement on deep rapid inspiration. Both lung fields were then screened for pneumothorax or other obvious pathology. No pneumothorax or other pathology was seen.
Once included in the study patients had their weight, height, age and sex recorded. Upon completion of surgery and immediately preceding screening of the diaphragm each patient was examined in an attempt to make a clinical diagnosis of diaphragmatic paralysis. At the same time the upper level of anaesthesia and the presence or absence of a Horner's syndrome was noted.
RESULTS
No patient in the study developed respiratory distress or, in fact, any signs or symptoms that could be related to the block. On clinical examination none of the patients could be diagnosed as having a paralyzed hemidiaphragm.
The upper level of sensory block did not exceed CS in any patient, indicating that if root block did occur it did not exceed CS. As stated in the method, the blocks were not accepted unless the block of the whole arm including the musculocutaneous and axillary nerves was successful. Horner's syndrome was seen in five patients. In two of these there was concomitant phrenic nerve block.
Diaphragmatic paralysis was seen in 10 patients out of a total of 15 brachial blocks, giving an incidence of phrenic nerve block of 67%.
Due to the wide variety of parameters that may affect ~he distribution of local anaesthetics and the inter-relationship of them one to another, it would require large numbers of matched patients before any significant data could be presented about the effects of age, sex, height and weight on the incidence of phrenic nerve block.
DISCUSSION
The previous estimates of phrenic nerve block following brachial plexus block have varied widely. The incidence of 67% found here is higher than most would have anticipated. This is to be expected as any form of monitoring, other than diaphragmatic screening must lead to a lower incidence of reporting. Certainly in fit patients it is not readily diagnosed clinically. Furthermore, the use of 0.5 % bupivacaine contributed to the high incidence by providing motor block once in contact with the nerve.
The advice, then, to avoid bilateral blocks would seem wise. Furthermore, it would seem that in patients with severe respiratory insufficiency, especially due to the contralateral lung, unilateral block by this, and probably interscalene, approach would be unwise. Whether phrenic nerve block occurs with the axillary approach is not known but is currently under investigation by the author.
The mechanism by which phrenic nerve block occurs is not satisfactorily explained. It is commonly proposed that it must be by: (i) misplaced anaesthetic in a "multiple puncture" technique or (ii) local anaesthetic bathing the C3, 4, 5 roots (Winnie 1979 (Winnie , 1972 . This is based on the belief that the peripheral phrenic nerve is separated from the neurovascular bundle by impermeable fascial layers. Anatomically this does not appear to be necessarily so. The peripheral phrenic nerve runs in front of scalenus anterior but underneath the dense prevertebral fascia. Some authors have suggested that it is anterior to this fascia, but there would appear to be no support from the anatomists (Grant 1962 , Grant 1965 , Warwick and Williams 1973 . Therefore, the only structure separating the peripheral phrenic nerve and the brachial plexus compartments is the investing fascia of scalenus anterior. The fascia has no purpose and thus i<; flimsy (Brash 1958 , Hollingshead 1964 (Fig. I) ) . It would present little resistance to the passage of local anaesthetic.
The mechanism of Horner's syndrome seems less in doubt as the sympathetic chain does lie in front of the prevertebral fascia. It is, therefore, more likely to be a T1, 2 root block.
In this study care was taken to ensure that the local anaesthetic was not misplaced. The whole dose was injected at the site of paraesthesia. Furthermore, only blocks that were complete and dense were included. It was hoped by this means to eliminate misplaced local anaesthetic as a cause for phrenic nerve block.
No patient in this study had a block level above C5. As the major phrenic outflow is C4 this alone would seem to preclude root block as the cause. The nerve to levator scapulae was not tested to confirm C4 sparing as this runs through the posterior triangle and would be likely to be blocked peripherally. If root block was a possible cause an equally high incidence of Horner's syndrome and a positive correlation with phrenic nerve block would be suggestive. This was not so, with only five patients developing Horner's syndrome and only two of those having a concomitant phrenic nerve block. Old age seemed to be a predisposing factor to phrenic block. It would be false, however, to statistically analyze this as the two age groups are not comparable. Candidates for brachial block are loaded by two groups: (i) The elderly (Colles fractures) who are female, small in weight and height and inactive, (ii) The young (trauma) who are male, larger in weight and height and active. It is attractive to theorize that the decreased activity and muscularity in the older group results in the fascial layers being less well developed and providing a weaker barrier to the spread of local anaesthetics (over 50 years: 7 in 8; under 50 years 3 in 7). CONCLUSION The incidence of inadvertent phrenic nerve block found in a study of 15 patients having a supraclavicular brachial plexus block was 67%. This higher than anticipated incidence, it is proposed, is due to the increased accuracy of detection of phrenic nerve block with diaphragmatic screening.
The aetiology of the phrenic nerve block is shown to be peripheral in nature. The proposed mechanism of action is by spread of local anaest,hetic through the investing fascia Anaesthesia and Intensive Care, Vol. VIl, No. 4, November, 1979 of scalenus anterior onto the naked phrenic nerve behind the prevertebral fascia.
